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DESCRIPTION 



MAGNETIC RANDOM ACCESS MEMORY 



WITH DATA READING METHOD IMPROVED 



Technical Field 

The present invention relates to a magnetic 
random access memory, particularly to a magnetic 
random access memory with a data reading method 
10 improved . 



Background Art 

Attention is focused to a magnetic random 
access memory (MRAM) as a nonvolatile memory that can 

15 carry out a write operation and a read operation in a 
high speed and has a large number of times of rewrite. 

A memory cell of the MRAM has a tunne 1 ing 
magnetic resistance (hereafter to be referred to as 
Tunneling Magnetic Resistance: TMR ) , which includes a 

20 magnetic layer (pinned layer), a magnetic layer (free 
layer), and an insulating layer, as a memory unit. 
The pinned layer has a fixed spontaneous 
magnetization. The free layer has a reversible 
spontaneous magnetization. The free layer is formed 

25 so that the direction of the spontaneous magnetization 
of the free layer becomes parallel or anti-parallel 
with the direction of the spontaneous magnetization of 
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the pinned layer. The insulating layer is put between 
the above two layers. 

The memory cell stores 1-bit data in 
accordance with the direction of the spontaneous 
5 magnetization of the free layer to the direction of 
the spontaneous magnetization of the pinned layer. 
For example, the memory cell can take the following 
two states: a parallel state (a first state) in which 
the direction of the spontaneous magnetization of the 

10 free layer and the direction of the spontaneous 
magnetization of the pinned layer, and an anti- 
parallel state (a second state) in which the direction 
of the spontaneous magnetization of the free layer and 
the direction of the spontaneous magnetization of the 

15 pinned layer are opposite to each other. In this 

case, the 1-bit data is stored by relating one of the 
parallel state and the anti-parallel state to "0" and 
the other of them to "1". 

The directions of the spontaneous 

20 magnetizations of the free layer and pinned layer 

influence the resistance of the memory cell. Here, it 
is assumed that the resistance of the TMR when 
directions of the spontaneous magnetizations of the 
free layer and pinned layer are parallel is R0 . In 

25 this case, if the directions are anti-parallel, the 

resistance of the TMR becomes RO+AR. The AR/RO (%) is 
generally referred to as an MR ratio. The MR ratio 
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normally ranges between 10 and 50%. That is, the data 
stored in the memory cell can be determined by 
detecting the resistance value the TMR corresponding 
to directions of the spontaneous magnetizations of the 
5 free layer and pinned layer. The resistance value of 
the TMR is detected in accordance with the following 
method. For example, a predetermined voltage is 
applied to the both ends of the TMR to detect current 
flowing through the TMR, i.e., sense current. 

10 Otherwise, a voltage appearing at the both ends of the 
TMR, i.e., a sense voltage is detected by supplying a 
predetermined current to the TMR. 

Fig. 1 is a block diagram showing a typical 
configuration of an MRAM . 

15 As shown in Fig. 1, a memory cell 103 is 

configured by connecting a TRM 109 with an access 
transistor 110 in series. One terminal of the TMR 109 
is connected to a bit line 105a and the source 
terminal of the transistor 110 is connected to ground 

20 111. A plurality of memory cells 103 are arrange like 
a matrix. Similarly, a reference memory cell 104 is 
configured by connecting a reference TMR 108 and an 
access transistor 112 in series. One terminal of the 
reference TMR 108 is connected to a reference bit line 

25 105b and the source terminal of the transistor 112 is 
connected to the ground 113. A plurality of reference 
memory cells 104 are arranged along the reference bit 
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line 105b. Moreover, the memory cells 103 arranged 
like a matrix and the reference memory cells 104 
arranged along the reference bit line 105b form a 
memory cell array 120. 
5 In this case, the transistor 110 of the 

selected memory cell 103 is turned-on. Moreover, the 
bit line 105a selected by a Y selector 102 is 
connected with a read circuit 101. The transistor 112 
of the selected reference memory cell 104 is turned- 

10 on. Moreover, the bit line 105b selected by the 

selector 102 is connected with the read circuit 101. 
The read circuit 101 compares a signal from the 
selected bit line 105a with a signal from the selected 
reference bit line 105b to carry out a read operation. 

15 A method for reading the data stored in a 

memory cell will be described in detail by using a 
first conventional example (US Patent No. 6, 392, 923) . 
In this case, it is defined that a state in which a 
TMR is parallel is "0" ( TMR resistance value is R0) 

20 and a state in which the TMR is anti-parallel is " 1 " 
(TMR resistance value is R^Rq + AR) . 

Fig. 2 is a block diagram showing a 
configuration of a reference memory cell and its 
periphery. The data stored in the memory cell 103 is 

25 read out by detecting the previously described sense 
current or sense voltage by the read circuit. 
Moreover, a reference current or reference voltage for 



determining whether the sense current or sense voltage 
is kept at xx 0" or "1" is necessary. In case of the 
reference memory cell 104a shown in Fig. 2, two sets 



of one TMR storing "0" and one TMR storing "1" 
5 connected in series are connected in parallel in order 
to generate a reference signal. In this case, the 
reference value Rref of the reference cell is shown by 
the following equation (2) . 

Rref = (Rq+RJ /2 (2 ) 

10 The resistance value of the reference memory cell 104a 
logically takes a value between R0 and Rl . That is, 
it is possible to generate a reference signal suitable 
to determine the data stored in the memory cell 103. 

Fig. 3 is a graph showing a relation of 

15 voltage (both-end voltage) applied between both ends 
of a TMR and MR ratio. The vertical axis denotes MR 
ratio (%) and the horizontal axis denotes both-end 
voltage (V) of TMR. The MR ratio of the TMR depends 
on magnitude of the both-end voltage (V) of the TMR in 

20 accordance with the influence of the bias dependency 
peculiar to the TMR element shown in Fig. 3. 

With reference to Fig. 3, an actual reference 
signal becomes a value close to a sense signal of 
in case of the method disclosed in the first 

25 conventional example. As shown in Fig. 3, the MR 
ratio of the TMR decreases as its both-end voltage 
rises. A voltage applied between the both ends of 



6 

each TMR in the reference memory cell 104a in the 
above US Patent No. 6,392,923 (Fig. 2) is about 1/2 of 
the voltage applied between the both ends of the TMR 
of the memory cell 103. Therefore, as a result of 
5 comparison with the RM ratio of the TMR in the memory 
cell 103, the MR ratio of the TMR in the reference 
memory cell 104a increases. Thus, the reference 
signal is shifted in a direction of the sense signal 
of "1" from the intermediate value of the sense signal 

10 between "0" and "1". When the shit is present in the 
TMR resistance value, there is a possibility that the 
reliability in the read operation is greatly impaired. 
In this case, to improve the reliability in the read 
operation by the method according to the above first 

15 conventional example, it is necessary to carry out a 
control so as for voltages to be equally distributed 
to the both ends of TMRs in the memory cell 103 and 
reference memory cell 104a. 

Also, in the method according to the above US 

20 Patent No. 6,392,923, four TMR elements are necessary 
for the reference memory cell 104a. When a resistance 
variation of a TMR is compensated by providing a 
column of reference memory cells in the memory cell 
array 120, the rate of the area occupied by the 

25 reference memory cells 104a increases. Moreover, when 
a short-circuited TMR produced due to a defect at the 
time of manufacturing is included in the reference 
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memory cell 104a, a word line defect is caused that it 
is impossible to read the memory cells 103 on a read 
word line 107. A probability of the word line defect 
increases because of the fact that the reference 
5 memory cell 104a has the four TMRs . Moreover, the 
resistance value and MR ratio of a TMR are decreased 
due to a temperature rise. 

A technique is demanded capable of 
determining a data stored in a memory cell of an MRAM 

10 in a high reliability. A technique is demanded of a 

read circuit capable of determining the data stored in 
the memory cell of the MRAM in the high reliability, 
while suppressing the increase of a chip area. A 
technique is demanded of the read circuit capable of 

15 determining the data stored in the memory cell of the 
MRAM in the high reliability without depending on a MR 
ratio and the resistance value of a TMR. A technique 
is demanded in which a reference signal in the memory 
cell of the MRAM takes an intermediate value between 

20 the sense signal of "0" and the sense signal of "1" 
without depending on the MR ratio and the resistance 
value of the TMR. 

In conjunction with the above description, a 
semiconductor device is disclosed in Japanese Laid 

25 Open Patent Application ( JP- P2 0 0 2 -2 2 2 5 8 9A) . This 

semiconductor device is provided with a plurality of 
first memory cells, a plurality of first dummy cells, 
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and a plurality of second dummy cells. The plurality 
of first memory cells are provided at intersections of 
a plurality of word lines and a plurality of first 
data lines to store either of first data or second 
5 data. The plurality of first dummy cells is provided 
at intersections of the plurality of word lines and a 
plurality of first dummy data lines to store the first 
data. The plurality of second dummy cells are 
provided at intersections of the plurality of word 

10 lines and a plurality of second dummy data lines to 
store the second data. Moreover, the semiconductor 
device is further provided with a first multiplexer, a 
second multiplexer, a read circuit, a first common 
data line, and a second common data line. In this 

15 case, the fist multiplexer is connected to a plurality 
of first data lines. The second multiplexer is 
connected to the fist and second dummy data lines. 
The read circuit is connected to the first and second 
multiplexers. The first common data line connects the 

20 read circuit with the first multiplexer. The second 
common data line connects the read circuit with the 
second multiplexer. The read circuit includes a first 
current mirror circuit, a second current mirror 
circuit, a first sense data line, a second sense data 

25 line, and a sense amplifier. In this case, the first 
current mirror circuit is connected to the first 
common data line. The second current mirror circuit 
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is connected to the second common data line. The 
first sense data line is connected to the first 
current mirror circuit. The second sense data line is 
connected to the second current mirror circuit. The 
5 sense amplifier is connected to the second sense data 
line . 

Also, an evaluation apparatus for a cell 
resistance in a magnetic resistance memory is 
disclosed in Japanese Laid Open Patent application 

10 ( JP-P2002-54 1 608A) (International Application No. 

PCT/DE00/00778 ) . In the evaluation apparatus for the 
cell resistance in the magnetic resistance memory, a 
first terminal of each cell resistance (R) is 
connected to a word line voltage (VWL) through a 

15 switch (US) . Also, a second terminal of each cell 
resistance is connected to a line node (L) through 
another switch (S) . The line node (L) is connected to 
a reference voltage source (VREF) through a reference 
resistance (RREF) . The reference voltage source 

20 decreases each cell current (I) flowing through the 
line node by an average current (I-) . Amplifiers 
(OPI, RG) convert the difference between the cell 
current and the average current into a voltage (VOUT) 
serving as an evaluation signal. The reference 

25 resistance (RREF) may be formed from interconnection 
of cell resistances of cells having different data. 
The reference resistance may have individual series 
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connection of two cell resistances of cells having 
different data contents or parallel connection of the 
series connection. 

Also, a magnetic random access memory having 
5 a reference memory array is disclosed in Japanese Laid 
Open Patent Application ( JP-P2002-533863A) 
(International application No. PCT/US 99 / 2 9 3 1 0 ) . The 
magnetic random access memory is provided with a first 
conductive line, a magnetic memory cell, a second 

10 conductive line, a reference magnetic memory cell, and 
a resistive element. The magnetic memory cell is 
connected with the first conductive line in series. 
The magnetic memory cell has a magnetic resistances 
switched between minimum magnetic resistance and 

15 maximum magnetic resistance in accordance with the 

direction of a stored magnetic vector. The reference 
magnetic memory cell is connected with the second 
conductive line in series, and has a predetermined 
magnetic resistance. The resistive element is 

20 connected with the reference magnetic memory cell in 
series. A total resistance of the reference magnetic 
memory cell and the resistive element is set between 
the minimum magnetic resistance and the maximum 
magnetic resistance. The resistive element may be set 

25 so that the total resistance takes an intermediate- 
point res i stance between the minimum magnetic 
resistance and the maximum magnetic resistance . 
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In addition, a magnetic memory apparatus is 
disclosed in Japanese Laid Open Patent Application 
( JP-P2002-3673 64A) . The magnetic memory apparatus has 
a memory cell, a word line, a bit line, a reference 
5 bit line, and an amplifier* The memory cell is 
provided with one memory element showing a 
ferromagnetic tunnel effect and one transistor 
connected to the memory element. The word line is 
connected to a control terminal of the transistor. 

10 The bit line is connected to one end of the memory 
element through the transistor. The reference bit 
line is provided in common to a plurality of the bit 
lines. The amplifier is connected to the bit lines 
and the reference bit line. Moreover, a voltage 

15 difference generated between the bit line and the 

reference bit line is read by the amplifier in a read 
operation of a data. A reference memory cell provided 
for each word line is provided for the reference bit 
line, and the reference memory cell includes one first 

20 resistive element and one transistor connected to the 
first resistive element. The first resistive element 
of the reference memory cell may have an intermediate 

* 

value between a resistance value when the directions 
of magnetizations of the memory cell are parallel and 
25 a resistance value when the directions of 

magnetizations of the memory element are anti- 
parallel . 
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Furthermore, a magnetic random access memory 
is disclosed in Japanese Laid Open Patent Application 
( JP-P2002-196575A) . This magnetic random access 
memory is provided with a cross-point cell array, a 
5 plurality of word lines extending in a first 

direction, a plurality of bit lines extending in a 
second direction different from the first direction, a 
dummy bit line extending in the second direction, a 
first selector for selecting one of the plurality of 

10 word lines, a second selector for selecting one of the 
plurality of bit lines, and a read circuit. The 
plurality of word lines extend in a first direction. 
The plurality of bit lines extend in a second 
direction different from the first direction. The 

15 dummy bit line extends in the second direction. The 
first selector selects one of the plurality of word 
lines, and the second selector selects one of the 
plurality of bit lines. The cross-point cell array 
includes a plurality of cells. Each of the plurality 

20 of cells has reversible spontaneous magnetization and 
includes a tunneling magnetic resistance whose 
resistance differs in accordance with the direction of 
the spontaneous magnetization. The plurality of cells 
contains a plurality of memory cells for storing data 

25 in accordance with the direction of the spontaneous 

magnetization and a plurality of dummy cells. Each of 
the plurality of memory cells is provided between one 



13 

of the plurality of word lines and one of the 
plurality of bit lines. Each of the plurality of 
dummy cells is provided between one word line of the 
plurality of word lines and the dummy bit line. The 
5 read circuit includes an offset removal circuit and a 
data determination circuit. The offset removal 
circuit generates a current difference signal 
corresponding to the difference between a detection 
current flowing through the selected word line when a 

10 voltage is applied between the selected word line and 
the selected bit line and an offset component current 
flowing through the dummy bit line when a voltage is 
applied between the selected word line and the dummy 
bit line. The data determination circuit determines 

15 the storage data stored in a selected cell provided 
between the selected word line and the selected bit 
line in accordance with the current difference signal. 



Disclosure of Invention 

20 Therefore, it is an object of the present 

invention to provide a magnetic random access memory 
(MRAM) that can determine a data stored in a memory 
cell of the MRAM at a high reliability. 

Another object of the present invention is to 

25 provide a magnetic random access memory (MRAM) that 
can read out a data stored in a memory cell of the 
MRAM at a high reliability while restraining increase 
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of a chip ar ea . 

Still another object of the present invention 
is to provide a magnetic random access memory (MRAM) 
that can read out a data stored in a memory cell of 
5 the MRAM at a high reliability without depending on a 
resistance value and MR ratio of a TMR. 

It is another object of the present invention 
to provide a magnetic random access memory (MRAM) in 
which a reference signal for a memory cell of the MRAM 
10 takes an intermediate value between the sense signal 
of "0" and the sense signal of " 1 " without depending 
on MR ratio and a resistance value of a TMR. 

Another object of the present invention is to 
provide a magnetic random access memory (MRAM) in 
15 which a voltage to be applied between the both ends of 
a TMR used in a reference cell and other circuits is 
substantially equal to a voltage to be applied between 
the both ends of a TMR used in a memory cell so that 
it is possible to prevent a read reliability from 
20 decreasing due to bias dependency peculiar to the TMR. 

Therefore, to solve the above problems, the 
magnetic random access memory of the present invention 
is provided with a plurality of bit lines, a reference 
bit line, a plurality of memory cells, a plurality of 
25 reference cells, and a read section. 

In this case, the plurality of bit lines 
extends in a first direction. The reference bit line 
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extends in the first direction. The plurality of 
memory cells are provided along the bit lines. The 
plurality of reference cells are provided along the 
plurality of reference bit lines. Each of the 
5 plurality of memory cells has a first tunneling 

magnetic resistance. The first tunneling magnetic 
resistance has spontaneous magnetization whose 
direction is reversed in accordance with stored data 
to take a first state or a second state and is 

10 connected to one bit line in a read operation. Each 
of the plurality of reference cells has a reference 
tunneling magnetic resistance. The reference 
tunneling magnetic resistance has spontaneous 
magnetization whose direction is reversed in 

15 accordance with stored data to take the first state or 
the second state and is connected to one reference bit 
line in the read operation. The read section has a 
first resistance section, a second resistance section, 
and a comparing section. The first resistance section 

20 includes a ninth terminal serving as one terminal 
connected to the selected bit line in the read 
operation and a tenth terminal serving as the other 
terminal connected to a first power supply and has a 
first resistance value. The second resistance section 

25 includes an eleventh terminal serving as one terminal 
connected to a reference bit line in the read 
operation and a twelfth terminal serving as the other 
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terminal connected to the first power supply and has a 
second resistance value different from the first 
resistance value. The comparing section compares a 
sense voltage serving as the voltage of the ninth 
5 terminal with a reference section serving as the 
section of the eleventh terminal. 

In the above magnetic random access memory, 
when the data stored in a selected cell is read out, 
the read section first uses the voltage of the first 

10 power supply as a sense voltage by dividing the 
voltage of the first power supply by the first 
tunneling magnetic resistance and the first resistance 
section of the selected cell. On the other hand, a 
reference voltage is obtained by dividing the voltage 

15 of the first power supply by the reference tunneling 
magnetic resistance and the second resistance section 
of the selected reference cell. Moreover, a result of 
comparison between the sense voltage and the reference 
voltage is outputted. In this case, the selected cell 

20 is selected from the plurality of memory cells and the 
selected reference cell is selected from the plurality 
of reference cells. 

In the above magnetic random access memory, 
the first resistance section has spontaneous 

25 magnetization whose direction is reversed to take the 
first state or the second state and has a second 
tunneling magnetic resistance and a third tunneling 
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magnetic resistance connected in series. The second 
resistance section has spontaneous magnetization whose 
direction is reversed to take the first state or the 
second state and has a fourth tunneling magnetic 
5 resistance and a fifth tunneling magnetic resistance 
connected in series. 

In the above magnetic random access memory, 
the reference tunneling magnetic resistance, the first 
tunneling magnetic resistance, the second tunneling 

10 magnetic resistance, the third tunneling magnetic 

resistance, the fourth tunneling magnetic resistance, 
and the fifth tunneling magnetic resistance 
substantially have the same structure. The second 
tunneling magnetic resistance and the third tunneling 

15 magnetic resistance are the same in magnetization 
direction of spontaneous magnetization. The fourth 
tunneling magnetic resistance and the fifth tunneling 
magnetic resistance are different in magnetization 
direction of spontaneous magnetization. 

20 The above magnetic random access memory 

further includes a breakdown voltage preventing 
circuit connected between the ninth terminal and the 
plurality of memory cells to prevent a voltage higher 
than a predetermined reference voltage from being 

25 applied to the plurality of memory cells. 

In the above magnetic random access memory, 
the read section further includes a first constant 
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voltage section, a first current section, and a second 
current section. The first constant voltage section 
applies a second voltage between the ninth terminal 
and the plurality of memory cells and between the 
5 eleventh terminal and the plurality of reference 

cells. The first current section is set between the 
first constant voltage section and the ninth terminal 
to supply current having the same magnitude to the 
selected bit line and the first resistance section. 

10 The second current section is set between the first 

constant voltage section and the eleventh terminal to 
supply current having the same magnitude to the 
reference bit line and the second resistance section. 

In the above magnetic random access memory, 

15 when the data stored in the selected cell is read out, 
the first constant voltage section of the read section 
first applies the second voltage to the selected bit 
line and reference bit line. The first current 
section supplies sense current having the same 

20 magnitude to the selected bit line, selected cell, and 
first resistance section. Similarly, the second 
current portion supplies reference currents having the 
same magnitude to the reference bit line, the selected 
reference cell, and the second resistance section. 

25 Moreover, the voltage between the first current 

section and the second resistance section is used as a 
sense voltage. Furthermore, the voltage between the 
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second current section and the second resistance 
section is used as the reference voltage. 
Furthermore, a result of comparing the sense voltage 
with the reference voltage is output. In this case, 
5 the selected bit line is selected from the plurality 
of bit lines. The selected cell is selected from the 
plurality of memory cells. The selected reference 
cell is selected from the plurality of reference 
cells . 

10 In the above magnetic random access memory, 

the first constant voltage section includes a clamp 
circuit . 

In the above magnet ic random access memory, 
at least one of the first current portion and the 
15 second current portion includes a current mirror 
circuit . 

In the above magnetic random access memory, 
the read section further includes at least one of a 
first auxiliary section and a second auxiliary 

20 section. In this case, the first auxiliary section is 
connected to the ninth terminal and can change the 
sense voltage . The second auxiliary section is 
connected to the eleventh terminal and can change the 
reference voltage . 

25 In the above magnet i c random access memory, 

at least one of the first auxiliary section and the 
second auxiliary section includes a trimming circuit. 



20 

In the above magnetic random access memory, 
the plurality of reference cells further include a 
first switch connected to the reference tunneling 
magnetic resistance in series- The reference cells 
5 are connected in parallel with the reference bit line. 
Moreover, one of the plurality of reference cells is 
selected by the first switch as a selected reference 
cell used in the read operation. 

In the above magnetic random access memory, 

10 there are a plurality of first resistance sections. 

Each of the plurality of first resistance sections is 
connected to the ninth and tenth terminals and has a 
second switch on either side of the ninth-terminal and 
the tenth- terminal . Moreover, one of the plurality of 

15 first resistance sections is selected by the second 
switch as the first resistance section used in the 
read operation. 

In the above magnetic random access memory, 
there are a plurality of second resistance sections. 

20 Each of the plurality of second resistance sections is 
connected to the eleventh and twelfth terminals and 
has a third switch on either side of the eleventh- 
terminal and twel fth- terminal . One of the plurality 
of second resistance sections is selected by the third 

25 switch as the second resistance section used in the 
read operation. 

In the above magnetic random access memory, 
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assuming that a reference voltage is Vref, a sense 
voltage in the first state is Vs (1) , and a sense 
voltage in the second state is Vs (2) in the following 
equation (1), the reference voltage Vref is obtained 
5 from the following equation (1) . 

Vref = Vs (1) +k- (Vs (2)+Vs (1) ) (1) 

In this case, a variable k is equal to or 
less than 0.49. 

The above magnetic random access memory 

10 further includes a plurality of word line pairs, a 

first selector, a second selector, a third selector, 
and a fourth selector. The plurality of word line 
pairs are a set of plurality of first word lines and 
plurality of second word lines extending in the second 

15 direction substantially perpendicular to the first 

direction. The first selector selects a selected bit 
line from the plurality of bit lines in the read 
operation and selects a reference bit line. The 
second selector selects a selected bit line from the 

20 plurality of bit lines in the write operation. The 

third selector selects a selected first word line from 
the plurality of first word lines in the write 
operation. The fourth selector selects a second word 
line from the plurality of second word lines in the 

25 read operation. Each of the plurality of memory cells 
further includes a first transistor. The first 
transistor includes a first gate connected to the 
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second word line, a first terminal serving as one of 
terminals other than the first gate, and a second 
terminal serving as the other terminal connected to 
ground. Each of the plurality of memory cells is 
5 provided to one of positions where the plurality of 
bit lines and the plurality of word line pairs are 
intersected. The first tunneling magnetic resistance 
includes a third terminal serving as one terminal 
connected to the first terminal and a fourth terminal 

10 serving as the other terminal connected to the bit 
line. Each of the plurality of reference cells 
further includes the second transistor. The second 
transistor includes a second gate connected to the 
second word line, a fifth terminal serving as one of 

15 terminals other than the second gate and a sixth 

terminal serving as the other terminal connected to 
ground. Each of the plurality of reference cells is 
provided to one of positions where the reference bit 
line and the plurality of word line pairs are 

20 intersected. A reference tunneling magnetic 

resistance includes a seventh terminal serving as one 
terminal connected to the fifth terminal and an eighth 
terminal serving as the other terminal connected to 
the reference bit line. 

25 In the above magnetic random access memory, 

when the data stored in a selected cell is read out, 
the fourth selector first supplies a voltage for 
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turning on the first transistor of the selected cell 
to a selected second word line and supplies a voltage 
for turning off the first transistors of unselected 
cells to unselected second word lines other than the 
5 selected second word line. The first selector 

connects the selected bit line and reference bit line 
to the read section. Moreover, the read section 
divides the voltage of the first power supply by the 
first tunneling magnetic resistance and the first 

10 resistance section of the selected cell as a sense 

voltage. The read section divides the voltage of the 
first power supply by the reference tunneling magnetic 
resistance of a selected reference cell and the second 
resistance section as a reference voltage. Moreover, 

15 the read section outputs a result of comparing the 
sense voltage with the reference voltage. In this 
case, the selected cell is selected from the plurality 
of memory cells by the selected second word line and 
the selected bit line. The unselected cells are 

20 memory cells other than the selected cell. A selected 
reference cell is selected from the plurality of 
reference cells by the selected second word line and 
the reference bit line. 

The above magnetic random access memory 

25 further includes a word line, a first selector, and a 
second selector. The word line extends in the second 
direction substantially perpendicular to the first 
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direction. The first selector selects a selected bit 
line from the plurality of bit lines and selects a 
reference bit line in the read operation. The second 
selector selects a selected word line from the 
5 plurality of word lines. Each of the plurality of 

memory cells is provided to one of positions where the 
plurality of bit lines and the plurality of word lines 
are intersected. The first tunneling magnetic 
resistance includes a first terminal serving as one 

10 terminal connected to the word line and the second 
terminal serving as the other terminal connected to 
the bit line. Each of the plurality of reference 
cells is provided to one of positions where the 
reference bit line and the plurality of word lines are 

15 intersected. The reference tunneling magnetic 

resistance includes the third terminal serving as one 
terminal connected to a word line and the fourth 
terminal serving as the other terminal connected to 
the reference bit line. 

20 In the above magnetic random access memory, 

when the data stored in the selected cell is read out, 
the second selector first applies a read voltage to a 
selected word line and open unselected word lines 
other than a selected word line in the plurality of 

25 word lines. The first selector connects a selected 

bit line and a reference bit line to the read section. 
Moreover, the read section divides the voltage of the 



first power supply by the first tunneling magnetic 
resistance and the first resistance section of a 
selected cell as a sense voltage. The read section 
divides the voltage of the first power supply by the 
5 reference tunneling magnetic resistance and second 
resistance section of a selected reference cell as a 
reference voltage. The read section outputs a result 
of comparing the sense voltage with the reference 
voltage. In this case, the selected cell is selected 

10 from the plurality of memory cells by the selected 

word line and the selected bit line and the selected 
reference cell is selected from the plurality of 
reference cells by the selected word line and the 
reference bit line. 

15 The above magnetic random access memory 

further includes the plurality of second bit lines, 
the plurality of word lines, the first selector, the 
second selector, and the third selector. The 
plurality of second bit lines is paired with the 

20 plurality of bit lines and extends in the second 

direction substantially perpendicular to the first 
direction. The plurality of word lines extend in the 
second direction substantially perpendicular to the 
first direction. The first selector selects the 

25 selected bit line from the plurality of bit lines. 
The second selector selects the selected second bit 
line from the plurality of second bit lines. The 
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third selector selects a selected word line from the 
plurality of word lines. Each of the plurality of 
memory cells further includes the first transistor and 
the second transistor. The first transistor includes 
5 the first gate connected to the word line, the first 
terminal serving as one of terminals other than the 
first gate connected to the bit line, and the second 
terminal serving as the other terminal. The second 
transistor includes the second gate connected to the 

10 word line, the fifth terminal serving as one of 

terminals other than the second gate connected to a 
second bit line, and the sixth terminal serving as the 
other terminal connected to the second terminal . Each 
of the plurality of memory cells is provided to one of 

15 positions where the plurality of bit lines, the 

plurality of second bit lines, and the plurality of 
word lines are intersected. In the first tunneling 
magnetic resistance, the third terminal serving as one 
terminal is connected to ground and the fourth 

20 terminal serving as the other terminal is connected to 
the second terminal. Each of the plurality of 
reference cells further includes a third transistor 
and a fourth transistor. The third transistor 
includes a third gate connected to the word line, the 

25 seventh terminal serving as one of terminals other 

than the third gate connected to a bit line, and the 
eighth terminal serving as the other terminal. The 
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fourth transistor includes a fourth gate connected to 
the word line, the eleventh terminal serving as one of 
terminals other than the fourth gate connected to the 
second bit line, and the twelfth terminal serving as 
5 the other terminal connected to the eighth terminal. 
Each of the plurality of reference cells is provided 
to one of positions where a reference bit line and the 
plurality of word lines are intersected. In the 
reference tunneling magnetic resistance, the ninth 

10 terminal serving as one terminal is connected to 

ground and the tenth terminal serving as the other 
terminal is connected to the eighth terminal. 

In the above magnetic random access memory, 
when the data stored in a selected cell is read out, 

15 the first selector first selects a selected bit line 
and opens unselected bit lines other than a selected 
bit line from the plurality of bit lines. The third 
selector supplies a voltage for turning on the first 
transistor and the second transistor of a selected 

20 cell to the selected word line and supplies a voltage 
for turning off the first transistors and the second 
transistors of the unselected cells to the unselected 
word lines other than the selected word line. The 
read section divides the voltage of the first power 

25 supply by the first tunneling magnetic resistance and 
the first resistance section of the selected cell as a 
sense voltage. The read section divides the voltage 
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of the first power supply by the reference tunneling 
magnetic resistance and the second resistance section 
of the selected reference cell as a reference voltage. 
Moreover, the read section outputs a result of 
5 comparing the sense voltage with the reference 

voltage. In this case, the selected cell is selected 
from the plurality of memory cells by the selected 
work line and the selected bit line. The unselected 
cells are memory cells other than the selected cell. 
10 The selected reference cell is selected from the 

plurality of reference cells by the selected word line 
and the reference bit line. 



Brief Description of Drawings 

15 Fig. 1 is a block diagram showing a 

configuration of a typical conventional MRAM; 

Fig. 2 is a block diagram showing a 
configuration of a conventional reference memory cell 
and its peripheral section; 
20 Fig. 3 is a block diagram of a graph showing 

a relation between voltage (both-end voltage) applied 
to both ends of a TMR and MR ratio; 

Fig. 4 is a block diagram showing a magnetic 
random access memory according to a first embodiment 
25 of the present invention; 

Fig. 5A is a block diagram showing a graph 
showing deviation in a resistance value of a tunneling 
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magnetic resistance ; 

Fig. 5B is a block diagram of graphs showing 
calculation results of a relation between a reference 
voltage and probability of read defective cell; 
5 Fig. 6 is a block diagram of graphs showing 

Vref (ideal) ; 

Fig. 7 is a block diagram showing graphs of 
MR ratio dependencies of a sense voltage and the 
reference voltage ; 
10 Fig. 8 is a block diagram showing graphs of 

resistance value dependencies of tunneling magnetic 
resistances of the sense voltage and the reference 
voltage ; 

Fig. 8 is a block diagram showing graphs of 
15 resistance value dependencies of tunneling magnetic 
resistances of the sense voltage and the reference 
voltage; 

Fig. 9 is a block diagram of a second 
embodiment of a magnetic random access memory of the 
20 present invention; 

Fig. 10 is a block diagram showing graphs of 
relations between k for maximizing a read accuracy and 
MR ratio; 

Fig. 11 is a block diagram showing another 
25 configuration of a third embodiment of a magnetic 
random access memory of the present invention; 

Fig. 12 is a block diagram showing another 
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configuration of a fourth embodiment of the magnetic 
random access memory of the present invention; 

Fig. 13 is a block diagram of the first 
embodiment of the magnetic random access memory of the 
5 present invention; 

Fig. 14 is a block diagram showing graphs of 
MR ratio dependencies of the sense voltage and the 
reference voltage ; 

Fig. 15 is a block diagram of graphs showing 
10 resistance value dependencies of tunneling magnetic 
resistances of the sense voltage and the reference 
voltage ; 

Fig. 16 is a block diagram of a sixth 
embodiment of the magnetic random access memory of the 
15 present invention; 

Fig. 17 is a block diagram of the sixth 
embodiment of the magnetic random access memory of the 
present invent i on ; 

Fig. 18 is a block diagram showing another 
20 configuration of an eighth embodiment of the magnetic 
random access memory of the present invention; 

Fig. 19 is a block diagram showing another 
configuration of a ninth embodiment of the magnetic 
random access memory of the present invention; 
25 Fig. 20 is a block diagram showing a cross- 

point cell array; and 

Fig. 21 is a block diagram showing another 
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memory cell array. 

Best Mode for Carrying Out the Invention 

Hereinafter, a magnetic random access memory 
5 of the present invention will be described in detail 
with reference to the attached drawings. 
[First embodiment ] 

First, the configuration of the magnetic 
random access memory according to the first embodiment 
10 of the present invention will be described below. 

Fig. 4 is a block diagram showing the 
magnetic random access memory according to the first 
embodiment of the present invention. The magnetic 
random access memory includes a read circuit 1, a 
15 memory cell array 2, and a breakdown voltage 
preventing circuit 18. 

The memory cell array 2 stores data in a 
nonvolatile state by a memory cell 21 having a 
spontaneous magnetization whose direction can be 
20 freely reversed. The memory cell array 2 includes a 

plurality of memory cells 21, a plurality of reference 
cells (reference memory cells) 22, a plurality of bit 
lines 33, a reference bit line 34, a plurality of 
pairs of word lines 50, a read Y selector 23, a write 
25 Y selector 24, a write X selector 28, and a read X 
selector 29. 

The bit lines 33 extend in Y direction as a 
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first direction. One end of the bit line 33 is 
connected to the read Y selector 23 and the other end 
thereof is connected to the write Y selector 24. The 
plurality of bit lines 33 are arranged in parallel in 
5 X direction. The reference bit line 34 extends in the 
Y direction in parallel with the bit lines 33. One 
end of the reference bit line 34 is connected to the 
read Y selector 23 and the other end thereof is 
connected to the write Y selector 24. Each of the 

10 plurality of pairs of word lines 50 is a set of a 

write word line 31 serving as a first word line and a 
read word line 32 serving as a second word line. The 
plurality of pairs of word lines 50 extend in the X 
direction as the second direction substantially 

15 perpendicular to the first direction. One end of the 
write word line 31 is connected to the write X 
selector 28. One end of the read word line 32 is 
connected to the read X selector 29. The plurality of 
pairs of word lines 50 are arranged in parallel in the 

20 Y direction. The write Y selector 24 and the write X 
selector 28 are respectively connected to write power 
supplies (not shown) . 

The read Y selector 23 serving as a first 
selector selects one of the plurality of bit lines 33 

25 as a selected bit line 33s in a read operation. Also, 
the read Y selector 23 selects the reference bit line 
34. Thus, the read Y selector 23 outputs voltages or 
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currents on the selected bit line 33s and the 
reference bit line34 to the read circuit 1 through 
wirings 35 and 36. The write Y selector 24 serving as 
the second selector selects one of the plurality of 
5 bit lines 33 as a selected bit line 33s in a write 

operation. The write X selector 28 serving as a third 
selector selects one of the plurality of write word 
lines 31 as a selected write word line 31s in the 
write operation. The read X selector 29 serving as a 

10 fourth selector selects one of the plurality of read 
word lines 32 as a selected read word line 32s in the 
read operation. 

The memory cells 21 are provided in positions 
where the plurality of bit lines 33 and the plurality 

15 of pairs of word lines 50 are intersected. That is, 
the memory cells 21 are provided along the plurality 
of bit lines 33. The memory cell 21 includes a 
tunneling magnetic resistance 27 and a MOS transistor 
26. 

20 The tunneling magnetic resistance 27 serving 

as a first tunneling magnetic resistance has a 
spontaneous magnetization whose direction is reversed 
in accordance with a data stored therein to take a 
first state or a second state. In this case, the 

25 first state is a case that a TMR is kept in an anti- 
parallel state and corresponds to the data of u l", and 
the second state is a case that the TMR is kept in a 
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parallel state and corresponds to the data of "0". 
The tunneling magnetic resistance 27 is connected to a 
corresponding bit line 33 in the read operation. The 
tunneling magnetic resistance 27 includes a third 
5 terminal serving as one terminal and a fourth terminal 
serving as the other terminal connected to the bit 
lines 33. The MOS transistor 26 serving as a first 
transistor is used to connect the one terminal (third 
terminal) of the tunneling magnetic resistance 27 to 

10 ground in the read operation. The MOS transistor 26 
has a first gate connected to the corresponding read 
word line 32, a first terminal serving as one of 
terminals other than the first gate, and a second 
terminal serving as the other terminal connected to 

15 ground. The first terminal is connected to the third 
terminal . 

The plurality of reference cells 22 are 
provided in positions where the reference bit line 34 
and the plurality of pairs of word lines 50 are 

20 intersected. That is, the reference cells 22 are 

provided along the reference bit line 34. A column of 
these reference cells 22 is also referred to as a 
reference cell column. The reference cell 22 includes 
a reference tunneling magnetic resistance 27r and a 

25 reference MOS transistor 26r. 

The reference tunneling magnetic resistance 
27r: has spontaneous magnetization whose direction is 



35 

reversed in accordance with a data stored therein to 
take the first state or the second state. In this 
case, for reference in the read operation, the 
reference tunneling magnetic resistance 27r always 
5 stores the data of "0" when the TMR is in a second- 
state and is kept in a parallel state. Also, the 
reference tunneling magnetic resistance 27r is 
connected to the reference bit line 34 in the read 
operation. The reference tunneling magnetic 

10 resistance 27r has a seventh terminal serving as one 
terminal and an eighth terminal serving as the other 
terminal connected to the reference bit line 34. The 
reference MOS transistor 26r serving as a second 
transistor is used to connect one terminal (seventh 

15 terminal) of the reference tunneling magnetic 

resistance 27r to ground in the read operation. The 
reference MOS transistor 26r has a second gate 
connected to the read word line 32, a fifth terminal 
serving as one of terminals other than the second 

20 gate, and a sixth terminal serving as the other 

terminal connected to ground. The fifth terminal is 
connected to the seventh terminal. 

The breakdown voltage preventing circuit 18 
is connected to a node Al in the middle of the wiring 

25 35 extending from the read Y selector 23 of the memory 
cell array 2 and connected with the selected bit line 
33. Similarly, the circuit 18 is connected to a node 
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Bl in the middle of the wring 36 extending from the 
read Y selector 23 and connected with the reference 
bit line 34s. That is, the circuit 18 is connected 
between the read circuit 1 and the plurality of memory 
5 cells 21 or the plurality of reference cells 22. 
Also, the breakdown voltage preventing circuit 18 
prevents a voltage higher than a predetermined voltage 
from being applied to the plurality of memory cells 21 
or the plurality of reference cells 22. Thus, it is 

10 possible to prevent the voltage higher than the 

predetermined voltage from being applied to the memory 
cell array 2 from the read circuit 1. 

The read circuit 1 serving as a read section 
outputs the data stored in a selected cell 21s in 

15 accordance with the voltages or currents supplied from 
the selected cell 21s and the selected reference cell 
22s of the memory cell array 2. The selected cell 21s 
is the memory cell 21 specified by the selected read 
word line 32s and the selected bit line 33s. The 

20 selected reference cell 22s is the reference cell 22 
specified by the selected read word line 32s and the 
selected bit line 34. The read circuit 1 includes a 
TMR sequence A 11 and TMR sequence B 12 used as load 
resistances and a comparator 13. 

25 The TMR sequence A 11 serving as a first 

resistance section is used as the load resistance for 
the selected bit line 33s. The TMR sequence A 11 is 
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provided with a (second) tunneling magnetic resistance 
41 and a (third) tunneling magnetic resistance 42 
which are connected in series and which have 

■ 

spontaneous magnetizations whose directions take the 
5 first state or the second state in a reversed state- 
Also, the TMR sequence A 11 has a ninth terminal (one 
end of tunneling magnetic resistance 42) serving as 
one end and a tenth terminal (one end of tunneling 
magnetic resistance 41) serving as the other terminal. 

10 The ninth terminal is connected to the memory cell 

array 2 and connected to the selected bit line 33s in 
the read operation. The tenth terminal is connected 
to a first power supply (Vp) . In this case, the 
tunneling magnetic resistances 41 and 42 respectively 

15 store the data of "1" showing that TMRs are always 

kept in an anti-parallel state. A series resistance 
value of the tunneling magnetic resistances 41 and 42 
is also referred to as a first resistance value. 

The TMR sequence B 12 serving as a second 

20 resistance section is used as the load resistance for 
the reference bit line 34. The TMR sequence B 12 is 
provided with a (fourth) tunneling magnetic resistance 
44 and a (fifth) tunneling magnetic resistance 45 
which are connected in series, and which have 

25 spontaneous magnetizations whose directions take the 

first state or the second state in the reversed state. 
Also, the TMR sequence B 12 includes an eleventh 
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terminal (one end of tunneling magnetic resistance 45) 
serving as one terminal and a twelfth terminal (one 
end of tunneling magnetic resistance 44) serving as 
the other terminal. The eleventh terminal is 
5 connected to the memory cell array 2 through the 

wiring 36 and connected to the reference bit line 34 
in the read operation. The twelfth terminal is 
connected to the first power supply (Vp) . In this 
case, one of the tunneling magnetic resistances 44 and 

10 45 stores the data of " 1 " showing that the TMR is 

always kept in an anti-parallel state and the other of 
them stores the data of "0" showing that the TMR is 
always kept in a parallel state. A series resistance 
value of the tunneling magnetic resistances 44 and 45 

15 is also referred to as a second resistance value. 

The comparator 13 serving as a comparing 
section detects a voltage at the node A on the wiring 
35 (= a voltage at the ninth terminal), which is 
substantially equal to the voltage of the selected bit 

20 line 33s, as a sense voltage Vs. At the same time, 

the comparator 13 detects a voltage at the node B on 
the wiring 36 (= a potential at the eleventh terminal) 
as a reference voltage Vref. Thus, the comparator 13 
outputs a comparing result between the sense voltage 

25 and the reference voltage as a read data. 

In this case, the reference tunneling 
magnetic resistance 27r, the tunneling magnetic 
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resistance 27 and tunneling magnetic resistances 41, 
42, 44, and 45 are have substantially the same 
structure. A tunneling magnetic resistance is shown 
as a TMR. The word "substantial" represents excluding 
5 a factor such as an error in fabrication which cannot 
be controlled. In this specification, the expression 
"substantial" should be considered in the same way as 
above . 

Next, an operation of the magnetic random 

10 access memory according to the first embodiment of the 
present invention will be described below. In this 
case, the read operation from the magnetic random 
access memory will be described. 

First, the read X selector 29 applies a read 

15 voltage to a selected read word line 32s to release or 
open unselected read word lines 32 other than the 
selected read word line in the plurality of read word 
lines 32. Thus, the MOS transistors 26 and the 
reference MOS transistor 26r are turned on. 

20 The read Y selector 23 connects a selected 

bit line 33s and the reference bit line 34 to the 
ninth terminal of the TMR sequence A 11 and the 
eleventh terminal of the TMR sequence B 12 of the read 
circuit 1 through the wirings 35 and 36, respectively. 

25 At this time, the first connection route of 

the first power supply (Vp) — the tunneling magnetic 
resistance 41 of the TMR sequence A 11 — the tunneling 
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magnetic resistance 42 thereof - the wiring 35 - the 
selected bit line 33s - the tunneling magnetic 
resistance 27 of the selected cell 21s - ground is 
formed. Similarly, a second connection route of the 
5 first power supply (Vp) - the tunneling magnetic 

resistance 44 of the TMR sequence B 12 - the tunneling 
magnetic resistance 45 thereof - the wiring 36 - the 
reference bit line 34 - the reference tunneling 
magnetic resistance 27r of the selected reference cell 

10 2 2s - ground i s formed . 

The voltage of the first power supply (Vp) is 
divided by the tunneling magnetic resistances 27, 41, 
and 42 in the above first connection route. The 
comparator 13 of the read circuit 1 uses the voltage 

15 of the node A (voltage between tunneling magnetic 
resistances 27 and 41) as the sense voltage Vs. 
Similarly, the voltage of the first power supply (Vp) 
is divided by the reference tunneling magnetic 
resistance 27r and tunneling magnetic resistances 44 

20 and 45 in the above second connection route. The 

comparator 13 of the read circuit 1 uses the voltage 
of the node B (voltage between the reference tunneling 
magnetic resistance 27r and the tunneling magnetic 
resistance 45) as the reference voltage Vref . The 

25 comparator 13 outputs a read result in accordance with 
the difference between the sense voltage Vs and the 
reference voltage Vref . 
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According to the above read operation, it is 
possible to read the data from the selected cell 21s 
of the magnetic random access memory. 

In this case, an optimal value of the 
5 reference voltage Vref is discussed. It is preferable 
that the reference voltage Vref always takes an 
approximately intermediate value between the Vs (1) and 
Vs ( 0 ) . It is assumed that the resistance value of 
each tunneling magnetic resistance is linearly 
10 converted into a voltage by the read circuit 1, and 
the reference voltage Vref is shown by the following 
equa t ion ( 3 ) . 

Vref = Vs ( 0) +k- {Vs ( 1 ) -Vs ( 0) } (3) 

The resistance value of each tunneling 
15 magnetic resistance is influence by deviation on 

fabrication. Therefore, all the tunneling magnetic 
resistances in the memory cells do not always have a 
same value . 

Fig. 5A is a graph showing a deviation of 
20 resistance values of the tunneling magnetic 

resistances. The vertical axis denotes the number of 
cells and the horizontal axis denotes resistance value 
of a tunneling magnetic resistance. R0 denotes the 
average value of resistance values for the data of 
25 "0". Rl denotes an average value of resistance values 
for the data of " 1 " . In general, a distribution of 
resistance values of the tunneling magnetic 
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resistances is provided in the form of a normal 
distribution. In this case, the deviation o R1 of the 
resistance values of the tunneling magnetic 
resistances storing the data of " 1 " is equal to a 
5 value obtained by multiplying the deviation o R0 of the 
resistance values of the tunneling magnetic 
resistances storing the data of "0" by (1+MR) . 
Therefore, the relation of o R0 < o R1 is always met* 

Fig. 5B is a graph showing calculation 

10 results of the relation between reference voltage and 
probability of read defective cell. In this case, 
however, it is assumed that an MR ratio is equal to 
20%, and the deviation a R0 of the resistance values of 
the tunneling magnetic resistances storing the data of 

15 "0" is 1.5%. Because the relation of a R0 < o R1 is met, 
the reference voltage Vref at which the probability of 
read defective cell is minimized, that is, the 
reference voltage Vref (ideal) for maximizing the 
reliability in the read operation becomes a value 

20 slightly smaller than Vmid when the value of k is 
equal to 0.5 in the equation (3) . 

Assuming that the deviation of the sense 
voltages Vs (0) of the data of "0" due to the deviation 
of a TMR resistance values is o v0 and the deviation of 

25 the sense voltages Vs (1) of the data of "1" is o v0 , 

the reference voltage Vref (ideal) is expressed by the 
following equation (4) : 
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Vref (ideal) * { o vo . o vl . { Vs ( 1 ) -Vs ( 0 ) } + o vl 2 -Vs(0)- 

w vo 

2 -Vs (1) }/{ } (4) 

In this case, o v0 = o R0 and o vl = o v0 • (1+MR ratio) . 

The value of k for the reference voltage Vref 
5 (ideal) was calculated from the expressions (3) and 
(4) . 

Fig. 6 is a graph showing calculated values 
of k. The vertical axis denotes a value of k for 
maximizing the read accuracy and the horizontal axis 
10 denotes MR ratio. In this case, curves for a R0 = 1, 2, 
and 3% were calculated. This is because the deviation 



R0 



of the resistance values of a tunneling magnetic 



resistances is generally known as 1 to 3%. 

For example, in order to realize an MRAM of a 

15 mega bit class, a read error rate of 1CT 6 or less is 
necessary. Assuming that the resistance value 
deviation of the tunneling magnetic resistances is 1%, 
an MR ratio requires at least 10%. Therefore, from 
Fig. 6, it is preferable to generate the reference 

20 voltage in such a manner that the value of k shown in 
the equation (3) is 0.49 or less. 

In this embodiment, the tunneling magnetic 
resistances used for the memory cell 21, the reference 
cell 22, and the load resistances ( TMR sequences A 11 

25 and B 12) are substantially the same. In this case, 
when the voltage applied to the tunneling magnetic 
resistance storing the data of " 1 " is V(l), the 



44 

voltage applied to the tunneling magnetic resistance 
storing the data of "0" is V(0) / and an MR ratio is 
MR, the voltage of a selected bit line, that is, the 
sense voltage Vs and the reference voltage Vref are 
5 expressed by the following expressions (5) and (6). 
Vs(0) = Vp/(3+2-MR), Vs(l)=Vp/3 (5) 
Vref = Vp/ ( 3+MR) (6) 

In this case, by setting Vp of this 
embodiment to 1.0 V, a simulation was carried out. 
10 The simulation results are shown in Figs. 7 and 8. 

Fig. 7 is a graph showing dependencies of the 
sense voltage and the reference voltage on MR ratio. 
The vertical axis denotes the sense voltage Vs and the 
reference voltage Vref and the horizontal axis denotes 
15 the MR ratio. It would be found from the expressions 
(5) and (6) that the reference voltage Vref always 
takes an approximately intermediate value between 
Vs ( 1 ) and Vs ( 0 ) independently of change of the MR 
ratio. That is, it is possible to keep an optimal 
20 reference voltage independently of the MR ratio. 

Fig. 8 is a graph showing dependencies of the 
sense voltage and the reference voltage on the 
resistance value of tunneling magnetic resistance. 
The resistance value of the tunneling magnetic 
25 resistance rises with temperature. It would be found 
that the reference voltage Vref always takes an 
approximately intermediate value between Vs (1) and 
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Vs(0) independently of the temperature change of the 
tunneling magnetic resistance. That is, it is 
possible to keep an optimal reference voltage 
independently of the temperature change of the 
5 tunneling magnetic resistance- 
Fig. 10 is a graph showing a relation between 
the value of k for maximizing read accuracy and MR 
ratio. The vertical axis denotes the value of k for 
maximizing read accuracy and the horizontal axis 

10 denotes MR ratio. The curve of an optimal value 

(relating to a R0 of 1, 2, and 3%) is the same as that 
shown in Fig. 6. A curve PI shows the simulation 
result in this embodiment and a result calculated in 
accordance with the expressions (3), (5), and (6). As 

15 a result, in an MR ratio equal to or higher than 10%, 
the value of k is kept in the previously described 
range equal to or lower than 0.49. That is, it is 
possible to keep the reference voltage Vref for 
minimizing the number of read defects. 

20 According to the present invention, it is 

possible to prevent a relation between the sense 
voltages Vs (1) and Vs (0) and the reference voltage 
Vref from depending on change of the resistance value 
of the tunneling magnetic resistance (change due to 

25 applied voltage or change due to temperature) . 
Therefore, a voltage of about Vp/3 is uniformly 
applied to each tunneling magnetic resistance. 
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Therefore, each tunneling magnetic resistance is 
hardly influenced by the bias dependency peculiar to a 
TMR described with reference to Fig. 2. That is, the 
read operation having a higher reliability is 
5 real i zed . 

According to the present invention, it is 
possible to minimize the area occupied by a reference 
cell in the memory array 2 because the reference cell 
22 requires only one tunneling magnetic resistance and 
10 it is possible to restrain a word line defect due to a 
short circuit of the tunneling magnetic resistance 27r 
of the reference cell 22, 

[Second Embodiment ] 
15 Next, the magnetic random access memory 

according to the second embodiment of the present 

invention will be described below. 

First, the configuration of the magnetic 

random access memory according to the second 
20 embodiment of the present invention will be described 

below . 

Fig. 9 is a block diagram of the magnetic 
random access memory according to the second 
embodiment of the present invention. This embodiment 
25 is different from the first embodiment (Fig. 4) in that 
the TMR sequence A 11 is changed to a TMR sequence C 
11a and data of "1" is always stored in the reference 
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cell 22. The TMR sequence C 11a always stores the 
data of "0", showing that a TMR is kept in a parallel 
state in each of the tunneling magnetic resistances 41 
and 42. A TMR sequence B 12a is the same as the TMR 
5 sequence B 12 and other components in Fig. 9 are the 
same as those of the first embodiment (Fig. 4) . 
Therefore, their description is omitted. 

Because the operation of the magnetic random 
access memory according to the second embodiment of 

10 the present invention is the same as that of the first 
embodiment, their description is omitted. 

Also, in this case, the voltage of about Vp/3 
is uniformly applied to every tunneling magnetic 
resistance. Therefore, every tunneling magnetic 

15 resistance is hardly influenced by bias dependency. 

In this case, selected bit line voltages, that is, the 
sense voltage Vs and the reference voltage Vref are 
expressed by the following equations. 

Vs(0) = Vp/3, Vs(l) = ( 1+MR) • Vp/ ( 3+MR) (5a) 

20 Vref = ( 1+MR) • Vp/ ( 3+2MR) (6a) 

Similarly to a case of Fig. 4, the value of k 
becomes 0.49 or less in a MR ratio equal to or higher 
than 10% in accordance with the equations (3), (5a), 
and (6a). Moreover, the reference voltage Vref always 

25 takes an approximately intermediate value between 
Vs ( 1 ) and Vs ( 0 ) independently of change of the MR 
ratio. That is, it is possible to keep an optimal 
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reference voltage without depending on the MR ratio. 
Moreover, the reference voltage Vref always takes 
approximately intermediate value between Vs (1) and 
Vs(0) independently of the temperature dependency of 
5 the tunneling magnetic resistance. That is, it is 
possible to keep an optimal reference voltage 
independently of a temperature change of the tunneling 
magnetic resistance . 

As shown by the curve P2 (calculated in 

10 accordance with a simulation result and expressions 

(3), (5a) , and (6a)) in Fig. 10, the value of k in the 
second embodiment becomes very close to an ideal value 
of k for maximizing the read reliability. That is, it 
is possible to keep an optimal reference voltage Vref 

15 capable of minimizing the number of read defects. 

[Third Embodiment ] 

Next, the magnetic random access memory 
according to the third embodiment of the present 
20 invention will be described below. 

First, the configuration of the magnetic 
random access memory according to the third embodiment 
of the present invention will be described. 

Fig. 11 is a block diagram showing the 
25 configuration of the magnetic random access memory 
according to the third embodiment of the present 
invention. The configuration is different from the 
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configuration shown in Fig. 4 in the following point 
in a read circuit lb. That is, a plurality of sets 
are present, in each of which a TMR sequence A 11-i 
(i=l-n: natural number) and a switch 14-i (i=l-n: 
5 natural number) are connected in series. The 
plurality of sets are connected each other in 
parallel. Moreover, one end of each of the plurality 
of sets is connected to the wiring 35 and the other 
end of it is connected to the first power supply (Vp) . 

10 Similarly, the plurality of sets are present in each 

of which a TMR sequence B 12-j (j=l-m: natural number) 
and a switch 15-j (j=l-m: natural number) are 
connected in series. The plurality of sets are 
connected to each other in parallel. Moreover, one 

15 end of each of the plurality of the sets is connected 
to the wiring 36 and the other end of it is connected 
to the first power supply (Vp) . 

In this case, a read circuit lb can provide a 
spare TMR sequence for a case in which a tunneling 

20 magnetic resistance in each TMR sequence is damaged or 
a proper value is not shown, or a case of further 
improving a read yield. That is, the TMR sequence A 
11-i and the TMR sequence B 12-j to be used are 
previously determined by the switches 14-i and 15-j. 

25 Other components are the same as those of the 

first embodiment (Fig. 4) and its description is 
omitted . 



» 
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Description of an operation of the magnetic 
random access memory according to the third embodiment 
of the present invention is omitted because they are 
the same as the case of the first embodiment. 
5 According to the present invention, it is 

possible to improve the reliability at the time of 
read operation by using other TMR sequence even if a 
tunneling magnetic resistance in the present TMR 
sequence is damaged or a proper value is not shown or 

10 even in a case of further improving the read 
reliabi li t y . 

This embodiment using a plurality of TMR 
sequences can be applied to other embodiments 
described in this specification. Moreover, the same 

15 advantage can be obtained. 



[Fourth Embodiment ] 

Next, the magnetic random access memory 
according to the fourth embodiment of the present 
20 invention will be described below. 

First, the configuration of the magnetic 
random access memory according to the fourth 
embodiment of the present invention will be described. 

Fig. 12 is a block diagram showing the 
25 configuration of the magnetic random access memory 
according to the fourth embodiment of the present 
invention. The configuration of the magnetic random 
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access memory in the fourth embodiment is different 
from that of Fig. 4 in the following point in a memory 
cell array 2a. That is, the reference bit line 34 and 
the reference cells 22 present along the line 34 are 
5 not used. Therefore, the read Y selector 23 does not 
select the reference bit line 34. Instead, a wiring 
36a, a plurality of reference tunneling magnetic 
resistances 47, a reference cell selector 8, and a 
transistor M10 are used. 

10 The transistor M10 is connected to the wiring 

36a (to be referred to as a reference bit line) which 
is connected to the eleventh terminal of the TMR 
sequence B 12 of the read circuit 1. The read circuit 
1 is connected with the reference tunneling magnetic 

15 resistance 47 in the read operation by a control 

signal supplied to the gate of the transistor M10. 
The transistor M10 has a gate supplied with the 
control signal, a first connection terminal serving as 
one, connected to the read circuit 1, of terminals 

20 other than the gate, and a second connection terminal 
serving as the other end connected to the plurality of 
reference tunneling magnetic resistances 47-k. 

One terminal of the reference tunneling 
magnetic resistance 47-k (k=l-p: natural number) is 

25 connected to the second connection terminal. The 

other terminal is connected to the reference selector 
8. The plurality of reference tunneling magnetic 
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resistances 47 is connected to the second connection 
terminal in parallel with each other. The reference 
tunneling magnetic resistance 47 has a spontaneous 
magnetization whose direction is reversed in 
5 accordance with stored data to take the first state or 
the second state. In this case, for example, the data 
of "0" showing that the TMR in the second state is in 
a parallel state is always stored for reference in the 
data read. Moreover, the element 47 is connected to 
10 the read circuit 1 through the wiring 36a in the read 
operation . 

The reference cell selector 8 selects one of 
the plurality of reference tunneling magnetic 
resistances 47-k. 

15 The reference tunneling magnetic resistances 

47-k in this case can provide a spare tunneling 
magnetic resistance for a case in which a reference 
tunneling magnetic resistance is damaged or a proper 
value is not shown, or a case of further improving a 

20 read yield. That is, a tunneling magnetic resistance 
47-k to be used is determined by the reference cell 
selector 8 at the time of read operation or 
previous 1 y . 

Other components are the same as those of the 
25 first embodiment (Fig. 4) and its description is 
omitted . 

Because an operation of the magnetic random 
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access memory according to the fourth embodiment of 
the present invention is the same as that of the first 
embodiment except that the reference tunneling 
magnetic resistance 47 is used instead of the 
5 reference cell 22 and the reference tunneling magnetic 
resistance 47 is selected by the transistor M10 and 
the reference cell selector 8, description of the 
operation is omitted . 

According to the present invent ion, in 

10 addition to the advantage of the case in Fig. 4, even 
when the reference tunneling magnetic resistance is 
damaged, a proper value is not shown, or even in a 
case of further improving a read yield, it is possible 
to improve the reliability in the read operation by 

15 using another reference tunneling magnetic resistance. 

This embodiment using a plurality of 
reference tunneling magnetic resistances can be 
applied to other embodiments described in this 
specification. Moreover, it is possible to obtain the 

20 same advantage. 

[Fifth Embodiment ] 

First, the configuration of the magnetic 
random access memory according to the fifth embodiment 
25 of the present invention will be described below. 

Fig. 13 is a block diagram showing the 
configuration of the magnetic random access memory 
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according to the fifth embodiment of the present 
invention. The magnetic random access memory has the 
read circuit 1, the memory cell array 2, a first 
current circuit 3, a second current circuit 4, and a 
5 constant voltage circuit 5. 

The memory cell array 2 is the same as that 
of the first embodiment. Moreover, the fifth 
embodiment is the same as the first embodiment except 
that the constant voltage circuit 5 and the first 

10 current circuit 3 are connected in the middle of the 
wiring 35 extending from the read Y selector 23 and 
the constant voltage circuit 5 and the second current 
circuit 4 are connected in the middle of the wiring 36 
extending from the read Y selector 23. 

15 One end of the wiring 35 is connected to the 

selected bit line 33s through the read Y selector 23. 
One end of the wiring 36 is connected to the reference 
bit line 34 through the read Y selector 23. 

The read circuit 1 serving as a part of a 

20 read section is the same as the first embodiment 

except that the ninth terminal of the TMR sequence A 
11 is connected not to the wiring 35 but to a wiring 
37 and the eleventh terminal of the TMR sequence B 12 
is connected not to the wiring 36 but to the wiring 

25 37 . 

However, the wiring 37 is connected with the 
first current circuit 3 for supplying a current equal 
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to the current flowing through the selected bit line 
33s. Similarly, the wiring 38 is connected with the 
second current circuit 4 for flowing a current equal 
to the current flowing through the reference bit line 
5 34 . 

The constant voltage circuit 5 serving as the 
first constant voltage section which is a part of the 
read section is connected with the first current 
circuit 3 and second current circuit 4. Moreover, the 

10 circuit 5 is connected with the wirings 35 and 36. 

This circuit applies a predetermined voltage Vc to the 
selected bit line 33s and the reference bit line 34. 
The constant voltage circuit 5 is exemplified as a 
clamp circuit constituted of a differential amplifier 

15 Dl and a transistor Ml. 

One end of the first current circuit 3 
serving as the first current section which is a part 
of the read section is connected between the constant 
voltage circuit 5 and a second power supply Vdd in the 

20 middle of the wiring 35 and the other end of it is 

connected to the middle of the wiring 37. The circuit 
35 supplies the same sense current Is to a route of 
(the wiring 35 - the selected bit line 33s - the 
selected cell 21s) and a route of (the wiring 37- the 

25 TMR sequence A 11) . The first current circuit 3 is 

exemplified as a current mirror circuit constituted of 
a transistor M3 connected to the wiring 35 and a 
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transistor M4 connected to the wiring 37. 

One end of the second current circuit 4 
serving as the second current section which is a part 
of the read section is connected between the constant 
5 voltage circuit 5 and the second power supply Vdd in 
the middle of the wiring 36 and the other end of it is 
connected to the middle of the wiring 38. The circuit 
4 supplies the same reference current Iref to a route 
of (the wiring 365 - the reference bit line 34 - the 

10 reference cell 22) and a route of (the wiring 38 - the 
TMR sequence B 12) . The second current circuit 4 is 
exemplified as a current mirror circuit constituted of 
a transistor M5 connected to the wiring 36 and a 
transistor M6 connected to the wiring 38. 

15 The comparator 13 compares magnitudes of the 

sense voltage Vs and reference voltage Vref generated 
at drain terminals of the transistor M4 of the first 
current circuit 3 and the transistor M6 of the second 
current circuit 4 and outputs the comparison result as 

20 a read result. 

Next, an operation of the magnetic random 
access memory according to the fifth embodiment of the 
present invention will be described. In this case, 
the read operation of the magnetic random access 

25 memory will be described. 

First, the read X selector 29 applies a read 
voltage to the selected read word line 32s to open 
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unselected read word lines 32 other than the selected 
read word line in the plurality of read word lines 32. 
Thus, the MOS transistor 26 and the reference MOS 
transistor 26r are turned on. 
5 The read Y selector 23 connects the selected 

bit line 33s and reference bit line 34 to the wirings 
35 and 36. Thus, the selected bit line 33s is 
connected to the constant-voltage power supply 5 and 
the first current circuit 3. Similarly, the reference 

10 bit line 34 is connected to the constant-voltage power 
supply 5 and the second current circuit 4. Moreover, 
the selected bit line 33s and reference bit line 34 
are connected to the ninth terminal of the TMR 
sequence A 11 and the eleventh terminal of the TMR 

15 sequence B 12 of the read circuit 1 to be connected to 
the second power supply Vdd . 

In this case, a third connection is formed of 
a route of the second power supply Vdd - the first 
current circuit 3 (the transistor M3) - the first 

20 cons tant- vol tage power supply 5 (the transistor Ml) - 
the selected bit line 33s - the selected cell 21s (the 
tunneling magnetic resistance 27) - ground. 
Similarly, a fourth connection is formed of a route of 
the second power supply Vdd - the second current 

25 circuit 4 (the transistor M5) - the first constant- 
voltage power supply 5 (the transistor M2) - the 
reference bit line 34 - the selected reference cell 
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22s (the reference tunneling magnetic resistance 27r) 
-ground . 

The sense current Is corresponding to the 
data stored in the tunneling magnetic resistance 27 of 
5 the selected cell 21s flows through the third 

connection in accordance with the voltage of the 
second power supply Vdd. The same sense current Is 
flows through a fifth connection of a route of the 
second power supply Vdd - the first current circuit 3 

10 (the transistor M4) - the TMR sequence A 11 (the 

tunneling magnetic resistances 42 and 41) — ground in 
accordance with the sense current Is by the first 
current circuit 3 (current mirror circuit) . In this 
case, the voltage of the node A is used as the sense 

15 voltage Vs in accordance with the current Is. 

Similarly, a reference current Ir 
corresponding to the data stored in the reference 
tunneling magnetic resistance 27r of the selected 
reference cell 22s connected to the above fourth 

20 connection flows in accordance with the voltage of the 
second power supply Vdd. The same reference current 
Ir flows through a sixth connection of a route of the 
second power supply Vdd - the second current circuit 4 
(the transistor M6) - the TMR sequence B 12 (the 

25 tunneling magnetic resistances 45 and 44) - ground in 
accordance with the reference current Ir by the second 
current circuit 4 (current mirror circuit) . In this 
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case, the voltage of the node B is used as the 
reference voltage Vref . Also, the comparator 13 
outputs a read result in accordance with the 
difference between the sense voltage Vs and the 
5 reference voltage Vref. 

It is possible to read out the data for the 
selected cell 21s of the magnetic random access memory 
in accordance with the above read operation. 

In this embodiment, tunneling magnetic 

10 resistances used for the memory cell 21, the reference 
cell 22, and load resistances (the TMR sequences A 11 
and B 12) are substantially the same. In this case, 
assuming that a voltage applied to a tunneling 
magnetic resistance storing data of "1" is V(l), a 

15 voltage applied to a tunneling magnetic resistance 
storing data of "0" is V(0), and a MR ratio is MR, 
voltages of a selected bit line, that is, the sense 
voltage Vs and reference voltage Vref are shown by the 
following expressions. 

20 Vs(0) = 2(1+MR)-Vc, Vs(l) = 2-Vc (7) 
Vref = 2 ( 1+0 . 5 -MR) • Vc (8) 

In this case, simulation is carried out by 
setting Vc to 0.3 V in this embodiment. The results 
are shown in Figs. 14 and 15. 

25 Fig. 14 is a graph showing dependencies of 

the sense voltage and the reference voltage on MR 
ratio. The vertical axis denotes the sense voltage Vs 
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and the reference voltage Vref and the horizontal axis 
denotes MR ratio. It would be found from the 
equations (7) and (8) that the Vref always takes an 
approximately intermediate value between Vs (1) and 
5 Vs ( 0 ) independently of change of the MR ratio. That 
is, it is possible to keep an optimal reference 
voltage independently of the MR ratio. 

Fig. 15 is a graph showing the dependencies 
of tunneling magnetic resistances of the sense voltage 

10 and the reference voltage on resistance value. The 

resistance value of the tunneling magnetic resistance 
rises due to temperature. It would be found that the 
Vref always takes an approximately intermediate value 
b between Vs ( 1 ) and Vs (0) independently of the 

15 temperature dependency of the tunneling magnetic 
resistance. That is, it is possible to keep an 
optimal reference voltage independently of the 
temperature change of the tunneling magnetic 
re s i stance . 

20 It could be understood from the result of the 

simulation and the equations (3), (7), and (8) that 
the value k is equal to 0.5 without depending on both 
an MR ratio and the resistance value of the tunneling 
magnetic resistance. Though this value of k is not 

25 equal to or less than 0.49 for maximizing a read 

liability, it is possible to adjust the value of k to 
a value equal to or less than 0.49 by adding a 
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trimming circuit to be described later. Also, because 
one TMR is enough for a reference cell, it is possible 
to minimize the area occupied by the reference cell in 
a memory array and minimize the number of a word line 
5 defect due to a TMR short circuit. 

According to the present invention, it is 
possible to prevent a relation of the sense voltages 
of Vs (1) and Vs ( 0 ) and the reference voltage Vref from 
depending on a change of resistance value of the 

10 tunneling magnetic resistance (change due to applied 
voltage or change due to temperature) . Therefore, a 
voltage of about Vp/3 is uniformly applied to each 
tunneling magnetic resistance. Therefore, the 
relation is hardly influenced by the bias dependency 

15 peculiar to a TMR described with reference to Fig. 2. 
That is, it is possible to carry out the read 
operation having a high reliability. 

According to the present invention, because 
the reference cell 22 requires only one tunneling 

20 magnetic resistance, it is possible to minimize the 
area occupied by a reference cell in the memory cell 
array 2 and restrain a word line defect due to a short 
circuit of the tunneling magnetic resistance 27r of 
the reference cell 22. 

25 

[Sixth Embodiment ] 

Next, the magnetic random access memory 
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according to the sixth embodiment of the present 
invention will be described below. 

First, the configuration of the magnetic 
random access memory according to the sixth embodiment 
5 of the present invention will be described below. 

Fig. 16 is a block diagram showing the 
configuration of the magnetic random access memory 
according to the sixth embodiment of the present 
invention. This embodiment is different from the 

10 fifth embodiment (Fig. 13) in that the TMR sequence A 
11 is changed to a TMR sequence C 11a and data of " 1 " 
is always stored in the reference cell 22. The TMR 
sequence C 11a stores data of "0" showing that the TMR 
is always parallel with the tunneling magnetic 

15 resistances 41 and 42. The TMR sequence B 12a is the 
same as the TMR sequence B 12 and other components in 
Fig. 16 are the same as the fifth embodiment and its 
description is omitted. 

An operation of the magnetic random access 

20 memory according to the sixth embodiment of the 

present invention is omitted because it is the same as 
the fifth embodiment. 

Also, in this case, a voltage of about Vp/3 
is uniformly applied to every tunneling magnetic 

25 resistance. Therefore, every tunneling magnetic 
resistance is hardly influenced by the bias 
dependency. In this case, selected bit line voltages, 
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that is, the sense voltage Vs and the reference 



voltage Vref are shown by the following equations. 



Vs(0) = 2-Vc, Vs(l) = 2-Vc/ (1+MR) 



(7a) 



Vref = (2+MR) • Vc/ ( 1+MR) 



(8a) 



5 



Similarly to the case of Fig. 8, the Vref 



always takes an approximately intermediate value 
between Vs ( 1 ) and Vs (0) independently of a change of 
MR ratio in accordance with a simulation result and 
the equations (7a) and (8a) . That is, it is possible 

10 to keep an optimal reference voltage without depending 
on an MR ratio. Moreover, the Vref always takes an 
approximately intermediate value between Vs (1) and 
Vs ( 0 ) independently of the temperature dependency of 
the tunneling magnetic resistance. That is, it is 

15 possible to keep an optimal reference voltage 
independently of the temperature change of the 
tunneling magnetic resistance. 



independently of both MR ratio and resistance value of 
20 a tunneling magnetic resistance in accordance with a 
simulation result and the equations (3), (7a), and 
(8a) . Though the value of k is not equal to or less 
than 0.49 for maximizing the read reliability 
described above, it is possible to adjust the value of 
25 k to a value equal to or less than 0.49 by adding a 
trimming circuit to be described later. 



However, the value of k is equal to 0.5 
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[Seventh Embodiment ] 

Next , the magnetic random access memory 
according to the seventh embodiment of the present 
invention will be described below. 
5 First, the configuration of the magnetic 

random access memory according to the seventh 
embodiment of the present invention will be described. 

Fig. 17 is a block diagram showing the 
configuration of the magnetic random access memory 

10 according to the seventh embodiment of the present 
invention. This embodiment is different from the 
fifth embodiment (Fig. 16) in the following points. A 
wiring 39 is provided to the node A of the comparator 
13 in parallel with the wiring 37. A wiring 40 is 

15 provided to the node B of the comparator 13 in 
parallel with the wiring 38. 

One end of the wiring 39 is connected to the 
second power supply Vdd through the first auxiliary 
circuit 6 and the other end of it is connected to the 

20 node A. One end of the wiring 40 is connected to the 
second power supply Vdd through a second auxiliary 
circuit 7 and the other end of it is connected to the 
node B. Also, the other components of Fig. 17 are the 
same as the fifth embodiment (Fig. 16) and its 

25 description is omitted. 

The first auxiliary circuit 6 serving as the 
first auxiliary section as a part of the read section 
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is provided in the middle of the wiring 39. The 
circuit 6 additionally supplies a current (3 to a route 
of the node A - the wiring 37 - the TMR array A 11. 
The first auxiliary circuit 6 is such as a trimming 
5 circuit and includes a transistor M8 and a switch. 
The gate electrode of the transistor M8 is connected 
to the gate electrodes M3 and M4 of the first current 
circuit 3, one of electrodes other than the gate 
electrode is connected to the node A, and the other 

10 end is connected to the second power supply Vdd 
through a switch. 

The second auxiliary circuit 7 serving as a 
second auxiliary portion as a part of the read section 
is provided in the middle of the wiring 40. The 

15 circuit 7 additionally supplies a current a to a route 
of the node B - the wiring 38 - the TMR array B 12. 
The second auxiliary circuit 7 is such as a trimming 
circuit and includes a transistor M7 and a switch. 
The gate electrode of the transistor M7 is connected 

20 to gate electrodes of the transistors M5 and M6 of the 
second current circuit 4 and one of electrodes other 
than the gate electrode is connected to the node B and 
other end is connected to the second power supply Vdd 
through a switch. 

25 Because an operation of the magnetic random 

access memory according to the seventh embodiment of 
the present invention is the same as in the fifth 
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embodiment except that a current flowing through the 
read circuit 1 is fine adjusted as described below, 
its description is omitted. 

That is, when the sense current Is flows 
5 through a route of the second power supply Vdd - the 
first current circuit 3 (the transistor M3) - the 
first constant-voltage power supply 5 (the transistor 
Ml) - the selected bit line 33s - the selected bit 
line 21s (the tunneling magnetic resistance 27) - 

10 ground, the sense current Is flows through a route of 
the second power supply Vdd - the first current 
circuit 3 (the transistor M4 ) - the node A and the 
current (3 for fine adjustment flows through a route of 
the second power supply Vdd - the first auxiliary 

15 circuit 6 (the transistor M8) - the node A. As a 
result, the sense current Is and current 0 flow 
through a route of node A - the TMR sequence A 11 (the 
tunneling magnetic resistances 42 and 41) - ground. 

Similarly, when the reference current Ir 

20 flows through a route of second power supply Vdd - the 
second current circuit 4 (the transistor M5) - the 
first cons tant- vol t age power supply 5 (the transistor 
M2 ) - the reference bit line 34 - the selection 
reference cell 22s (the tunneling magnetic resistance 

25 27r) -ground, the reference current Ir flows through a 
route of the second power supply Vdd - the second 
current circuit 4 (the transistor M6) - the node B and 
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the current a for fine adjustment flows through a 
route of the second power supply Vdd - the second 
auxiliary circuit 7 (the transistor M7) - the node B. 
As a result, the reference current Ir and current a 
5 flow through a route of the node B - the TMR sequence 
B 12 (the tunneling magnetic resistances 45 and44) - 
ground . 

The transistors M7 and M8 are added to fine- 
adjust a reference voltage so that the value of k is 

10 equal to or less than 0.49 in the fifth embodiment and 
it is preferable that the ratio (W/L) between their 
gate width W and their gate length L is small enough. 

It is also allowed to use only either of the 
transistors M7 and M8 by controlling a switch. It is 

15 also possible to use at least a plurality of the 
transistors M7 or M8 and it is allowed to 
simultaneously select them by controlling a switch. 

According to the present invention, it is 
possible to set the value of k to a value equal to or 

20 less than 0.49 also in the fifth embodiment or the 

sixth embodiment. That is, it is possible to obtain a 
voltage to be applied to a tunneling magnetic 
resistance or an optimal reference voltage not 
influenced by temperature. 

25 This embodiment using an auxiliary circuit 

can be also applied to other embodiments described in 
this specification. Moreover, the same advantage can 
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be obtained, 

[Eighth Embodiment ] 

Next, the magnetic random access memory 
5 according to the eighth embodiment of the present 
invention will be described below. 

First, the configuration of the magnetic 
random access memory according to the eighth 
embodiment of the present invention will be described. 

10 Fig. 18 is a block diagram showing the 

configuration of the magnetic random access memory 
according to the eighth embodiment of the present 
invention. The configuration is different from that 
in Fig. 13 in the following point in the read circuit 

15 lb. That is, there are a plurality of sets in which 
the TMR sequences A 11-i (i=l-n: natural number) and 
the switches 14-i (i=l-n: natural number) are 
connected in series. The plurality of sets are 
mutually connected in parallel. Moreover, one end of 

20 each set is connected to the wiring 37 and the other 
end of it is connected to a ground. Similarly, there 
are a plurality of sets in which TMR sequences B 12-j 
(j=l-m: natural number) and switches 15-j ( j = 1 -m : 
natural number) are connected in series. The 

25 plurality of sets are mutually connected in parallel. 
Moreover, one end of each set is connected to the 
wiring 38 and the other end of it is connected to a 



69 

ground . 

In this case, the read circuit lb can provide 
a spare TMR sequence preparing for a case in which a 
tunneling magnetic resistance in each TRM sequence is 
5 damaged or a proper value is not shown or a case of 
improving a read yield. That is, the TMR sequence A 
11-i and the TMR sequence B 12-j to be used are 
determined by the switches 14-i and 15-j at the time 
or previously of read operation and used. 
10 Other components are the same as those of the 

fifth embodiment (Fig. 13) and its description is 
omitted . 

Because the operation of the magnetic random 
access memory according to the eighth embodiment of 

15 the present invention is the same as that of the fifth 
embodiment, the description is omitted. 

According to the present invention, in 
addition to the advantage in Fig. 13, it is possible 
to improve the reliability in the read operation by 

20 using another TMR sequence even when the tunneling 

magnetic resistance in the TMR sequence is damaged or 
a proper value is not shown or in a case of further 
improving a read yield. 

This embodiment using the plurality of TMR 

25 sequences can be also applied to other embodiments 

described in this specification. Moreover, the same 
advantage can be obtained. 
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[Ninth Embodiment ] 

Next, the magnetic random access memory 
according to the ninth embodiment of the present 
5 invention will be described below. 

First, the configuration of the magnetic 
random access memory according to the ninth embodiment 
of the present invention will be described. 

Fig. 19 is a block diagram showing the 

10 configuration of the magnetic random access memory 
according to the ninth embodiment of the present 
invention. The configuration is different from that 
of Fig. 13 in the following point in the memory cell 
array 2a. That is, the reference bit line 34 and 

15 reference cell 22 present along the bit line 34 are 
not used. Therefore, the read Y selector 23 does not 
select the reference bit line 34. A plurality of 
reference tunneling magnetic resistances 47, a 
reference cell selector 8, and a transistor M10 are 

20 used instead of the reference bit line 34 and the 
reference cell 22. 

The transistor M10 is connected to the wiring 
36a which is connected to the constant voltage circuit 
5. The constant voltage circuit 5, the second current 

25 circuit 4, and the reference tunneling magnetic 

resistance 47 are connected in the read operation in 
accordance with a control signal supplied to the gate 
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of the transistor M10. The transistor M10 has a gate 
to which the control signal is supplied, the first 
connection terminal serving as one of terminals other 
than the gate connected to the wiring 36a, and the 
5 second connection terminal serving as the other 
terminal connected to the plurality of tunneling 
magnetic resistances for reference 47-k. 

Because the reference tunneling magnetic 
resistances 47-k (k=l-p: natural number) and the 

10 reference cell 8 are the same as those of the fourth 
embodiment, their description is omitted. 

Because the operation of the magnetic random 
access memory according to the ninth embodiment of the 
present invention is the same as that of the fifth 

15 embodiment except that the reference tunneling 
magnetic resistance 47 is used instead of the 
reference cell 22 and the reference tunneling magnetic 
resistance 47 is selected by the transistor M10 and 
the reference selector 8, its description is omitted. 

20 According to the present invention, it is 

possible to improve the reliability in the read 
operation in addition to the advantage in Fig. 13 by 
using another reference tunneling magnetic resistance 
even when a reference tunneling magnetic resistance is 

25 damaged or a proper value is not shown or in a case of 
further improving a read yield. 

This embodiment using the plurality of 
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reference tunneling magnetic resistances can be 
applied to other embodiments described in this 
specification. Moreover, the same advantage can be 
obtained . 

5 In the present invention, the memory cell 

array is not restricted to the above memory cell array 
2 or 2a. For example, the MRAM using a cross point 
cell shown in Fig. 20 can be applied to the fifth to 
ninth embodiments . 

10 Fig. 20 is a block diagram showing a cross 

point cell array 2b. The cross point cell array 2b 
includes a plurality of memory cells 72, a plurality 
of reference cells 72r, a word line 73, a bit line 74, 
a Y selector 78, and an X selector 79. The bit line 

15 74 extends in the first direction (Y direction) . The 
word line 73 extends in the second direction (X 
direction) substantially perpendicular to the first 
direction (Y direction) . The Y selector 78 selects 
one bit line 74s of the plurality of bit lines 74 and 

20 selects one bit line 74r in the read operation. The X 
selector 79 selects one bit line 74s of the plurality 
of bit lines 74. One of the plurality of memory cells 
72 is provided to each of positions where the 
plurality of bit lines 74 and a plurality of word 

25 lines 73 are intersected. A first tunneling magnetic 
resistance 77 includes the first terminal serving as 
one terminal connected to the word line 73 and the 
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second terminal serving as the other terminal 
connected to the bit line 74. One of the plurality of 
reference cells 72r is provided to each of positions 
where the reference bit line 74r and a plurality of 
5 word lines 73 are intersected. A reference tunneling 
magnetic resistance 77r includes the third terminal 
serving as one terminal connected to the word line 73 
and the fourth terminal serving as the other terminal 
connected to the reference bit line 74r . 

10 In the present invention, the memory cell is 

not restricted to the above memory cell array 2 or 2a* 
For example, it is allowed to use the MRAM using two 
transistors and one tunneling magnetic resistance 
shown in Fig. 21 for the first to ninth embodiments. 

15 Fig. 21 is a block diagram showing another 

memory cell array 2c. 

The memory cell array 2c includes a plurality 
of memory cells 52, a plurality of reference cells 
52r, a plurality of first bit lines 54, a plurality of 

20 second bit lines 55, a plurality of word lines 53, a Y 
selector 62, a Y-side current termination circuit 61, 
an X selector 58, and a Y-side current source circuit 
63. The plurality of first bit lines 54 extend in the 
first direction (Y direction) . The plurality of 

25 second bit lines 55 are paired with the first bit 
lines 54 respectively and extend in the first 
direction (Y direction). The plurality of word lines 
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53 extend in the second direction (X direction) 
substantially perpendicular to the first direction (Y 
direction) . The Y selector 62 selects one bit line 
54s of the plurality of first bit lines 54. The Y- 
5 side current termination circuit 61 selects one second 
bit line 55s of the plurality of second bit lines 55. 
The X selector 58 selects one word line 53s of the 
plurality of word lines 53. The Y-side current-source 
circuit 63 supplies current to a route of the second 

10 bit line 55 — the tunneling magnetic resistance 57 — 
the first bit line 54 in the write operation. 

Each of the plurality of memory cells 52 
includes a first tunneling magnetic resistance 57, a 
first transistor 56, and a second transistor 66. The 

15 first transistor 56 includes the first gate connected 
to the word line 53, the first terminal serving as one 
of terminals other than the first gate connected to 
the first bit line 54, and the second terminal serving 
as the other terminal. The second transistor 66 

20 includes the second gate connected to the first word 
line 54, the fifth terminal serving as one of 
terminals other than the second gate connected to the 
second bit line 55, and the sixth terminal serving as 
the other terminal connected to. the second terminal. 

25 Each of the plurality of memory cells 52 is provided 
correspondingly to one of positions where the 
plurality of first bit lines 54, the plurality of 
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second bit lines 55, and the plurality of word lines 
53 are intersected. The third terminal serving as one 
end of the first tunneling magnetic resistance 57 is 
connected to ground and the fourth terminal serving as 
5 the other terminal is connected to the second 

terminal. Each of the plurality of reference cells 
52r includes a reference tunneling magnetic resistance 
57r, a third transistor 56r, and a fourth transistor 
66r. The third transistor 56r includes the third gate 

10 connected to the word line 53, the seventh terminal 

serving as one of terminals other than the third gate 
connected to the first bit line 54, and the eighth 
terminal serving as the other terminal. The fourth 
transistor 66r includes the fourth gate connected to 

15 the word line 53, the eleventh terminal serving as one 
of terminals other than the fourth gate connected to 
the second bit line 55, and the twelfth terminal 
serving as the other terminal connected to the eighth 
terminal. Each of the plurality of reference cells 

20 52 r is provided to one of positions where the 

reference first bit line 54r, a reference second bit 
line 55r, and the plurality of word lines 53 are 
intersected. The ninth terminal serving as one 
terminal of the reference tunneling magnetic 

25 resistance 57r is connected to ground and the tenth 
terminal serving as the other terminal of it is 
connected to the eighth terminal. 
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According to the present invention, it is 
possible to automatically set a reference voltage for 
determining the data stored in a memory cell to an 
optimal value in a semiconductor memory (MRAM) using a 
5 tunneling magnetic resistance. Thus, it is possible 
to improve a read liability. 

Moreover, because a voltage is uniformly 
applied to every tunneling magnetic resistance, it is 
possible to set a reference voltage to an optimal 
10 value without depending on the bias dependency 
peculiar to a tunneling magnetic resistance. 

Furthermore, it is possible to set a 
reference voltage to an optimal value independently of 
the magnitude of the resistance value or MR ratio of a 
15 tunneling magnetic resistance (TMR) . Therefore, it is 
possible that the reference voltage can keep an 
optimal value and a read liability is not impaired. 

Furthermore, it is possible to constitute a 
reference cell similarly to the memory cell in a user 
20 area and reduce the area occupied by the reference 
cell. Furthermore, it is possible to reduce the 
number of word line defects due to the short-circuit 
of a tunneling magnetic resistance. Furthermore, by 
using a tunneling magnetic resistance (TMR) for a load 
25 resistance, it is possible to decrease the area of a 
read circuit . 

According to the present invention, it is 
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possible to determine the data stored in the memory 
cell of the magnetic random access memory at a high 
reliability and read the data. 



